False-Negative Results in Detection of
Over the last 5 years, capillary zone electrophoresis (CZE) with the use of fused-silica capillaries has been increasingly introduced in clinical laboratories for routine serumprotein electrophoresis (1 ) . The multichannel, automated Paragon CZE 2000 instrument (seven capillaries in parallel; Beckman Coulter) represented an especially attractive alternative to time-consuming manual techniques. CZE has been documented to perform reliably for the analysis of serum proteins and for the detection of monoclonal components (2, 3 ) . We reported (4 ) that the sensitivity of the Paragon CZE 2000 system for the detection of monoclonal components (93%) was superior to the sensitivity of cellulose acetate gel electrophoresis (74%) and agarose gel electrophoresis (86%). In a prospective study, Katzman et al. (5 ) reported sensitivities of 95% and 91% for sevencapillary electrophoresis and agarose gel electrophoresis, respectively. When compared with agarose gel electrophoresis, CZE was able to detect more low-concentration IgA monoclonal components or light chains that were hidden in agarose gel electrophoresis because of comigration with transferrin or C3 (6 ) . Paraproteins that are missed by CZE are typically very low-concentration monoclonal components that are also missed by agarose gel electrophoresis, but not by immunofixation.
Problems with the detection of monoclonal components by CZE have been described (7, 8 ) . Using a single-capillary Beckman P/ACE instrument with a capillary and buffer different from the Paragon CZE 2000 system, Jenkins and Guerin (7 ) performed a prospective study on 5500 specimens in which they compared CZE with agarose gel electrophoresis for the detection of monoclonal components. The authors identified six paraproteins that did not separate correctly on CZE. On agarose gel electrophoresis, all of these proteins migrated in the very slow ␥ region. The pI was Ͼ8.5 for the IgG paraproteins and Ͼ6.9 for the IgM paraproteins. When the ionic strength and the pH of the buffer were increased, they were able to detect all paraproteins by CZE. Henskens et al. (8 ) reported missing a high-concentration, 20 g/L monoclonal IgM component (with a rather cathodal migration on agarose gel) by their method using a P/ACE system. By Clinical Chemistry 47, No. 8, 2001 changing the ionic strength and the pH of the buffer, they were able to detect the paraprotein.
In CZE failed to detect an abnormality in 24 (5%) of the 481 samples in which immunofixation revealed a paraprotein. This sensitivity of CZE to detect monoclonal proteins (95%) agrees with that reported by Katzman et al. (5 ) .
The most commonly missed paraproteins were present in low concentrations. CZE failed to detect the IgD paraprotein. No abnormalities were found by CZE in samples in which immunofixation revealed monoclonal free light chains (five samples), low-concentration monoclonal IgA proteins (total IgA concentration, Ͻ3.2 g/L; six samples), low-concentration monoclonal IgM paraproteins (total IgM concentration, Ͻ2.1 g/L; five samples), and low-concentration monoclonal IgG paraprotein (three samples). All IgA paraproteins that were overlooked by CZE migrated in the ␤ region and were hidden under the transferrin or C3 peak, whereas the low-concentration IgM paraproteins migrated in the ␥ region, except for one that comigrated with C3. The low-concentration IgG paraproteins that were undetected by CZE were situated in the ␤ and ␥ regions.
In three other samples, paraproteins in the slow ␥ region (7, 8 ) did not separate correctly on CZE. For one sample, the CZE result was suppressed and gave an error code (Fig. 1C) . High-resolution agarose gel electrophoresis (Hydrasys) of this sample revealed a high-concentration paraprotein (22 g/L) that migrated in the slow ␥ region (Fig. 1A) . Isoelectric focusing disclosed that the pI of the monoclonal IgG protein was Ͼ8.5. We hypothesize that the problem is related to the high pI of the monoclonal protein and the pH and ionic strength of the buffer used, as suggested previously (7, 8 ) . Analysis of the same sample with CEofix TM high-resolution capillary electrophoresis reagent set (Analis) according to the manufacturer's instructions on a P/ACE 5000 (Beckman-Coulter) system revealed the monoclonal protein. In a second sample, a low-concentration IgG paraprotein migrated in the slow ␥ region on agarose gel electrophoresis and gave a normal CZE electropherogram (data not shown). CZE also failed to correctly separate an IgM paraprotein (total IgM concentration, 5.6 g/L). The monoclonal protein was revealed by agarose gel electrophoresis and by the CEofix high-resolution capillary electrophoresis reagent set (data not shown). Isoelectric focussing of this sample revealed several bands migrating between pI ϳ6 and 8.5. These three cases illustrate that the widely used Paragon 2000 system may miss some paraproteins that typically migrate in the slow ␥ region, as has been described previously by Henskens et al. (8 ) and by Jenkins and Guerin (7 ) for CZE methods on a P/ACE system. We believe that modifying the pH and ionic strength of the buffer used with the Paragon CZE 2000 system should enable the system to correctly separate monoclonal proteins with a high pI.
Finally, in one sample, CZE completely failed to detect the presence of a high-concentration paraprotein. CZE showed a normal electropherogram (Fig. 1D) , whereas agarose gel electrophoresis revealed a distinct spike in the mid-␥ region (18 g/L; Fig. 1B) . Immunofixation identified an IgG band. This paraprotein is different from the others because (a) it migrated in the mid ␥ region and not in the slow ␥ region on agarose gel electrophoresis, and (b) its pI (by isoelectric focusing) was ϳ7. Moreover, analysis of the same sample with the CEofix high-resolution capillary electrophoresis reagent set on a P/ACE 5000 instrument also failed to detect the monoclonal component. No cryoglobulins were present in the sample. Lipoprotein electrophoresis showed a normal pattern, excluding the possibility of the presence of protein-lipid complexes that might interfere with CZE. The reason this protein was missed by CZE was unclear. Perhaps it was related to the optical absorbance characteristics of this specific protein. With CZE, protein is detected by absorbance measurement, whereas with conventional methods, binding of dyes is used to quantify proteins.
In summary, this prospective study showed that, when compared with immunofixation, the sensitivity of CZE to detect monoclonal proteins was 95%, thereby confirming an earlier report (5 ) . The monoclonal proteins that are missed by CZE are typically low-concentration paraproteins that can be detected only by immunofixation. We also illustrated that, although uncommon, the Paragon 2000 CZE may fail to correctly separate high-concentration monoclonal components. These monoclonal components typically have a high pI value and migrate in the slow ␥ region on agarose gel electrophoresis. In addition, we demonstrated for the first time that CZE may also fail to detect high-concentration monoclonal components with a pI ϳ7 that migrate in the mid ␥ region. The reason for this failure is not known. It is not related to the presence of cryoglobulins or lipid-protein complexes. In view of these results, we routinely perform CZE analysis as well as immunofixation analysis on all samples that are submitted for the first time to our laboratory with the specific question to search for the presence of paraproteins.
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Microarray Technology and
A microarray is an analytical device that comprises an array of molecules (oligonucleotides, cDNAs, clones, PCR products, polypeptides, antibodies, and others) or tissue sections immobilized at discrete ordered or nonordered micrometer-to-millimeter-sized locations on the surface of a porous or nonporous insoluble solid support. These devices have been highly effective for the simultaneous detection of large numbers of analytes in a sample, and microarrays have quickly emerged as important analytical tools in many branches of the biological sciences. A microarray-based analytical strategy is quicker and more convenient than serial testing for each analyte, and it has been successfully applied to both immunoassays and DNA-based assays. The current scope of microarray applications includes sequencing by hybridization, resequencing, mutation detection, assessment of gene copy number, comparative genome hybridization, drug discovery, expression analysis, and immunoassay (protein microarrays). In addition, oligonucleotide microarrays have been used for a nonbiological application: computing.
The task of compiling this survey has been complicated by the diverse and nonstandardized nomenclature for microarrays. Arrays have been named for their application (hybridization chip, high-density screening filters, genosensor), the identity of the arrayed molecules (cDNA library array, high-density gridded cDNA library, "printed circuit for proteins", colony array, tissue array), the physical attributes of the array or the substrate on which the array is formed (matrix, two-dimensional matrix, high-density library array, microchip, dot matrix, gridded array), or arrays have been identified by proprietary names (e.g., GeneChip TM ). Further distinctions include high-density vs low-density arrays, and micro-vs macroarrays, but there are no generally accepted values that distinguish between these qualitative descriptions of array size or density. An attempt has been made to standardize the terms target and probe in the context of microarrays: the probe is the molecule immobilized on the array, and the target is the molecule in solution exposed to the array (1 ).
In compiling this survey, we have restricted our coverage to arrays of molecules on a single substrate (e.g., glass microscope slide, plastic or silicon chip, silicon chip patterned with microelectrodes). We have not considered arrays comprising a collection of individual mobile elements, such as microbeads with unique fluorescent signatures, or collections of microfabricated transponders with individually programmed, unique radio frequency signatures ("liquid arrays", "suspension hyperarrays", "threeClinical Chemistry 47, No. 8, 2001 
